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Abstract

Temperature versus depth plots, calculated thermal gradients, and
temperature logs are presented for 91 drill holes located in Alabama,
Arkansas, California, Colorado, Illinois, Kansas, Louisiana, Michigan,
Mississippi, Montana, New Mexico, New York, Oklahoma, Oregon,
Pennsylvania, Texas, Utah, West Virginia, and Wyoming. These holes
are selected from a much larger compilation of temperature data
previously published by Spicer (1964). The selected subset consists
of those holes that have been logged to depths generally greater than
600 m while at temperature equilibrium and that display conductive
temperature gradients. Temperature gradients (0C/km) calculated for
each hole were used as part of the data base to produce a contoured
temperature-gradient map of the conterminous United States in Guffanti
and Nathenson (1980).



Introduction

In 1930, the American Petroleum Institute published results of
studies of Earth temperatures in o0il fields (Heald, 1930). The
methods used involved very careful measurements of temperatures in
deep wells throughout the U.S. with maximum thermometers (Van
Orstrand, 1930). This data set and additional logs made as part of
the same ongoing study were later compiled in Spicer (1964). When we
decided to make a temperature-gradient map of the United States based
on temperature measurements in deep holes (Guffanti and Nathenson,
1980), it was clear that this compilation could be very useful in
developing the basic data set of temperature gradients. However, a
systematic search through the compilation was necessary to extract the
appropriate data. We wanted only those holes that: (1) had been
logged to depths greater than 600 m while at temperature equilibrium
and (2) that display conductive temperature gradients. Of the
hundreds of drill holes in Spicer (1964) many are shallow, some occur
in convective geothermal areas, some of the logs are clearly disturbed
by production or recent drilling, and frequently a large number of
holes are grouped in a small geographic area. A subset of 91 holes
was selected that fit our criteria. This report gives the basic data
for that subset; for each hole a temperature/depth plot and log are
presented, along with pertinent information on lithology and drilling
history.

Data in Spicer (1964) have had limited utility in heat-flow
studies because core samples were not available for measurements of
rock thermal conductivity in the original investigations. However,
the temperature data have been used in heat-flow studies in which
conductivities were estimated from representative rock cores or
measured later on outcrop samples (Birch, 1954; Benfield, 1947;
Joyner, 1960; Blackwell, 1967).

Gradient Determination

Disturbances of the conductive temperature gradient can occur due
to water or gas flow, recent circulation of drilling fluid, recent
production, etc. Such disturbances are primarily expressed as
non-linear slopes of a temperature/depth plot and as significant
deviations of the measured near-surface temperature from the known
mean annual air temperature. For the apparently undisturbed drill
holes (or portions of holes), a straight line was fit to the
temperature/depth plot; from two points through which the line passes,
the gradient and surface intercept were calculated. It should be
noted that the calculated intercept A is not intended to be an
estimate of the actual mean annual surface temperature; rather, it is
a value defined solely by the line chosen and is combined with the
gradient G according to the straight-line equation

T =Gz + A

to give the temperature T at a specified depth z.
Generally, drill holes logged to 600 m or more were used in order
to avoid hydrologic disturbances and unrepresentative rock thermal



conductivities which are most likely to occur in the upper one or two
hundred meters. For this reason in many cases, the deeper portion of
a plot was emphasized in choosing the straight line.

The 91 gradients published in this report are shown on a map of
the United States (fig. 1). These data make up about one-third of the
gradients displayed by Guffanti and Nathenson (1980); the rest of the
data for that map comes from published heat-flow determinations made
in deep holes.

The gradients given in Spicer (1964) are plotted against our
temperature gradients (fig. 2). In that report, gradients were
calculated using a least-squares fit of all the temperature data for
each hole. The small deviations of most of the plotted points from
the straight line in figure 2 indicate good agreement between the two
sets of gradients. Also, the data fall on both sides of the 1line,
with a tendency for the least-squares Spicer gradients to be slightly
less than our gradients. If there were a strong tendency for thermal
conductivities to increase with depth, the gradients we chose from the
deeper points would consistently be less than the least-squares
gradients. There is little suggestion of this in the data plotted in
figure 2; however, much more detailed data would be required to
address this question. A table summarizing least-squares temperature
gradients for most of the holes in Spicer (1964) is given by Van
Orstrand (1934), one of the original investigators.

There are only 8 holes where the least-squares gradients differ by
more than 10 per cent from our chosen values, with the values in only
2 of those holes differing by more than 15 per cent. These
differences are usually caused by some shallow anomaly in the
temperature log which we have chosen to exclude. In one case, LA Z-4,
the low gradient in the near-surface probably reflects a rise in
surface temperature due to the draining of a lake 40 years before the
temperature log was obtained.

Explanation of Data Sheets

For each of the selected drill holes, the gradient (°C/km) and
surface intercept (°C) are calculated from the temperature log in
the manner outlined above and are reported in the data sheet
accompanying each plot. The temperature log is also given, and the
two observations which we used to calculate the gradient are
underlined. The primary reference is coded on each data sheet, and a
key to the codes is given in table 1. Data for all holes appear in
Spicer (1964), but many were also published earlier, and these earlier
publications are cited. The letters in the code refer to the first 2
letters of the author's last name, and the digits indicate the year of
publication. The location in township and range, date of
observations, fluid level, lithology, and remarks are abstracted
directly from comments in Spicer (1964). Latitude and longitude are
derived from township and range or from location maps contained in
Spicer (1964). For uniformity of presentation, the temperature data
are plotted at one of three scales (0-60°C, 0-1000m; 0-80°C,
0-1500m; 0-80°C, 0-2500m) with 3 exceptions (holes CA LB-28, CA
SOB-2, and CO 7).
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Table 1. Reference codes for the data sheets.

*BE47 Benfield (1947)
*BIS4 Birch (1954)

*CA30 Carlson (1930)
*HA30 Hawtof (1930)

*LAZT Lang (1937)

*MC30 McCutchin (1930)

SP 64 Spicer (1964)

*V026 Van Orstrand (1926)
*V030 Van Orstrand (1930)
*V03%8 Van Orstrand (1938)
*V041 Van Orstrand (1941)

*V051 Van Orstrand (1951)



‘pozrTei2u=28 =1 eiep padnoi8 L19sol)

*(796T) 190Tdg woij pa3da[as s270Y TITIP JO siusTpead ainjeasdws3] pue suoTledo Jurmoys dey

‘W /0o SB possaidxs 91k SIUSIpPERIY
*T @2an81g

07

T
08 06 ~001

,
|
/ SHILINOTIN_ 0O noy 00z o
ek — S =
o

SN oor an¢ o o

\ wondRlnig P21y b3 siagpy

|




LEAST SQ. G C°C/KM>

0 ] ] 1 | l
0 10 20 30 40 S50 60

GRADIENT ¢°C/KMD

Figure 2. Plot of least-squares gradients given in Spicer (1964)
versus gradients published in this report, with line of equal
gradients .



Temperature/depth plots and data sheets

State Page

AlabamaAeecececccsececcssacssssscscsscssscsscssssssssssscsssscscccasssnslO
ArKaNSASceeesceeseesesssscscsssssescsossssssssscssssssscssscscscscccccel’
CaliforniBecscscececccesscsscccssssssscssssssssscssccccsscssscacansasaseld
COloradOececceccceceaccesscessacccscscsscscssscseasssccscscscscscssscsscsesld
T11iN01lSeeeecesscesscccascccsssacscaascssscsascssssascsssscssssscssscsscassed)
KansasSeeeseeeaeseecencosasasscsscsssscnssnsssscssasnasasscsscssscannssasil
LouiSianaeeecectesscseecctsscatecccasectssactssscssscssscscssccssncsesdf
MichigaNeeseseeeecsscescscscsssscsscssscscsscsscssssascacsscscacscacscacascecd3
MiSSiSSipPlececescttcaccaasccesancacacacccasantsasccsssscsssscscscseasdh
Montangeeeescecesceestesssesasssescscssssscsscsssssscsssascssscssseasd?
New MeXiCOeeeeeooeeasasasosscecccscsascenaassssscscsssssssssccsccscsssssd8
New YOrKeeeeeoeeaoeoeoseesacancsaaassacascssnnsssaascassnscsasssssccssceshl
OklahoOmMaeeeceaseseesccccscascosecsssasssscscsssssssccsssssscsscsasnsasedl
OregO0MNeceececeanncsasasessssesasssssssssosscsosscsosncsscscsssnssssncssssas l
PennsylvaniGecceececececcececccsccacaccsccccsccacccsccaccasccasanscnsl’
P EXBSeaseeccsecscosassssssossccssosssscssscsscsscsscssssssosssssssscsacscssscas(8
UbtBheeeeoeeeecoseseassesencsccceccsacsccaccaccsscsscscssasssansssnsees39
West Virginiadeeceeceeeceeccereececesceccsceccsccscscscsascscsccasacscecesasd0

Wyoming-no-.oo.oo.no-.o.-no..o..o.on..no..o..no.oo.noc.cc.-o.ooco.oo94

(Holes are arranged by decreasing latitude within each state.)
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